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Abstract
In most of the models of dark energy it is assumed that the cosmological constant is equal to zero and
the potential energy V (φ) of the scalar field driving the present stage of acceleration, slowly decreases
and eventually vanishes as the field rolls to φ = 1. In this case, after a transient dS-like stage, the
speed of expansion of the Universe decreases, and the Universe reaches Minkowski regime. Recently,
it was found that one can describe dark energy in some d = 4 extended supergravities that have dS
solutions. These dS solutions correspond to the extrema of the effective potential V (φ) for some scalar
fields φ. In this paper, we introduce a non-minimal coupling between the scalar curvature and the
density of a scalar in the form L = −ξpgRφ∗φ = −ξR˜φ∗φ, ξ = 16 and we consider a complex potential
in the form V (φφ∗) = pm2(1 − ωφ2φ∗2) where p is a constant of order of unity, φ∗ is a complex field
and ω is a parameter assumed to be  1. It was shown that the mass squared of the scalar field is
quantized in units of the cosmological constant as m2 = nΛ, where n are some integers in agreement
with N = 2 gauged supergravity with stable dS vacuum. We show that this result could have important
consequences on dark energy problem. We discuss some important consequences on standard cosmology
withouit violating any of the well-known test of General Relativity.
I-Introduction
It is well believed today that the cosmological constant describes the energy density of the
vacuum (empty space), and it is a potentially important contributor to the dynamical history
of the Universe. Recent observations of Type Ia supernovae and the CMB indicates that the
Universe is in accelerated regime [1]. The total energy of the universe consists in fact of ordinary
matter and dark matter. One can interpret the dark energy as the vacuum energy corresponding
to the cosmological Einstein constant or as the slowly changing energy of a certain scalar eld
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with a vacuum φ corresponding to the equation of state p = −ρ (inflation). In both cases the
Universe is accelerated with time and approaching de Sitter (dS) regime. In most of the models
of dark energy it is assumed that the cosmological constant is equal to zero and the potential
energy V (φ) of the scalar eld driving the present stage of acceleration, slowly decreases and
eventually vanishes as the eld rolls to φ = 1 [2]. In this case, after a transient dS-like stage,
the speed of expansion of the Universe decreases, and the Universe reaches Minkowski regime.
Of course, depending on the choice of the model, the flat Universe will become dS space, or
Minkowski space, or collapse [3]. Recently, it was found that one can describe dark energy in
some d = 4 extended supergravities that have a dS solutions [4]. These dS solutions correspond
to the extrema of the eective potentials V (φ) for some scalar elds φ [3,4]. An interesting results
of these solutions is that the squared mass of these scalars in all theories with N  2 (extended
supergravities with unstable dS vacua) is quantized in units of the Hubble constant H0. That is
m2 = nH20 , where n are integers of order of unity (we are using units Mplanck = 1). In extended
supergravities with a positive cosmological constant, one always have m2 = nΛ
3
.For the N = 8
supergravity dS vacuum corresponds to an unstable maximum m2 = −6H20 at j φ j 1 and
V (φ) = 3H20(1 − φ2) [3,4]. Meanwhile for N = 2 gauged supergravity with stable dS vacuum,
one has m2 = 6H20 for one of the scalars and in this case V (φ) = 3H
2
0(1 + φ
2) [5]. In this paper,
we will follow another direction: for some scalar eld φ, we introduce a non-minimal coupling
between the scalar curvature and the density of the scalar eld in the following form
L = −ξpgRφ∗φ = −ξ ~Rφ∗φ (1)
where ξ = 1
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where Dν is the covariant derivative. In the absence of matter, the Einstein eld equations in
the presence of a potential eld V (φ∗φ) and a cosmological constant
Rµν = −1
2
gµνR + gµν + tµν + t
V
















∗∂νφ + ∂µφ∂νφ∗ − V (φ∗φ))c (6)
and
V (φφ∗) = pm2(1− ωφ2φ∗2) (7)
p is chosen equal to 3
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for cosmological considerations and ω  1. From equations (5) and (6),
we nd
tµν = b∂µφ∗∂νφ + ∂muφ∂νφ∗ − gµν(∂λφ∗∂λφ− V )c (8)
Using all these assumptions, we can deduce the trace of (4)










The conformal coupling ξ = 1
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reduces (9) to










With equations (7), (10) redcuces to R = 4 − 3m2 . Now when ω  1, a possible candidate
eld equation in 4D is
Rµν − 1
2
gµνR + gµν = −3m2uµuν (11)
which in the presence of matter reduces to
Rµν − 1
2
gµνR + gµν = −8piG
[(







(12) is the same as Einstein eld equations but plus an additional energy density. In fact, in
standard cosmology, the cosmological fluid is in fact not unicomponent, instead mater and radi-
ation in disequilibrium coexist in many ’elementary subvolumes’ of the Universe.
II-Some cosmological implications We shall consider a class of spacetimes described by
the general FRW line element [6]:
ds2 = −dt2 + R(t)2
[
dr2
1− kr2 + r
2(dθ2 − sin2 θdφ2)
]
(13)
where R(t) is the scale factor and k = −1, 0 or 1 corresponding to open, flat or closed space-time.




























,  = 3(H20 −m2) . If recent
observations are quite correct and ΩΛ  Λ3H20  0.7, then   2H
2




  6m2 which is our quantized equation. In N = 2 gauged supergravities with stable dS vacua,




in extended supergravities with  > 0, one always has m2 = nΛ
3
where n are integers. Taking













. In both theories, the




of the Casimir operator of dS group [3]. An important feature of our calculation is that the
ultra-light masses are implanted naturally in Einstein eld equations. Further consequences are
discussed in subsequent publication.
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